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Running title: GWAS of appendicular lean mass 1 1 #: These authors contributed equally to this work. 1 2 A small subset of 4,294 subjects also received a dual-energy X-ray absorptiometry (DXA) 3 6 5 body composition scan, and hence their DXA-derived ALM is also available. Therefore, raw 3 6 6 ALM derived from DXA and from electric impedance was compared in these subjects by 3 6 7
Pearson's correlation coefficient. 3 6 8
Genotype quality control 3 6 9
Genome-wide genotypes for all subjects were available at 784,256 genotyped autosome 3 7 0 markers, and were imputed into UK10K haplotype, 1000 Genomes project phase 3 and 3 7 1
Haplotype Reference Consortium (HRC) reference panels. A total of ~92 million variants were 3 7 2 generated by imputation. We excluded variants with MAF<0.1% and with imputation r 2 <0.3. As 3 7 3 a result, ~19.4 million well imputed variants were retained for subsequent genetic association 3 7 4
analysis.
7 5
Genetic association analysis 3 7 6
In each gender group, we used BOLT-LMM to perform linear mixed model (LMM) analysis 3 7 7
[16]. As the LMM analysis can adjust for population structure and relatedness, we included all 3 7 8 eligible subjects into analysis, as recommended by BOLT [53] . We did not include principal 3 7 9 components (PCs) of ancestry as covariates in the LMM analysis. 3 8 0
After sex-specific associations were analyzed, we meta-analyzed the summary statistics of the 3 8 1 two genders by inverse-variance weighted fixed-effects model with METAL [54] . The 3 8 2 genome-wide significance (GWS) level was set at α =5×10 -9 , to account for both common and 3 8 3 rare variants. The variants that passed this threshold in across-gender meta-analysis were then 3 8 4 checked for replicability across genders based on a suggestive significance level 5×10 -5 in each 3 8 5 gender. The suggestive level was set so as to account for multiple testing of presumed maximal 3 8 6 number of 1000 independent loci (0.05/1000). An association was defined as "replicated" if the 3 8 7 signal was significant at the GWS level (p<5×10 -9 ) in the meta-analysis and was significant at 3 8 8 the suggestive level (p<5×10 -5 ) in both genders. 3 8 9
This declaration of a replicated association was approximately same as a two-stage design, 3 9 0 where the first stage involves selecting variants at the suggestive level (p<5×10 -5 ) in one gender 3 9 1 and the second stage involves replicating the selected variants at the same significance level 3 9 2 (p<5×10 -5 ) in another gender. An association locus was defined as a genomic region of 500 kb to 3 9 3 both sides of a significant lead signal.
9 4
Difference in effect size between female and male was examined by a two-tailed p-value from 3 9 5 the z-score in the following equation Conditional association analysis 3 9 9
To identify additional signals in regions of association, approximate joint and conditional 4 0 0 association analysis was performed in each region using the GCTA tool [55] . 4 0 1 4 0 2
From the UKB sample, a reference sample of 100,000 unrelated subjects was generated for 4 0 3 estimating LD pattern for subsequent analyses. The unrelated subjects were inferred with KING 4 0 4 software [56] , from whom the 100,000 subjects of the reference sample were randomly drawn. 4 0 5
Quality control (QC) procedures applied to the reference sample included Hardy-Weinberg 4 0 6 equilibrium (p>1×10 -6 ) and MAF>0.1%. 4 0 7
A recursive conditional association analysis was performed. In each iteration, an approximate 4 0 8 conditional analysis conditioning on the current list of lead variants was performed in each 4 0 9 gender, followed by an across-gender meta-analysis to combine the gender-specific results. 4 1 0 Again, a significant replicated association was defined as achieving both a conditional 4 1 1 meta-analysis GWS signal (p<5×10 -9
) and a conditional suggestive signal (p<5×10 -5 ) in both 4 1 2 genders. In addition, each such identified variant is required to be independent of all variants in 4 1 3 the lead SNP list (LD r 2 <0.1). The variant with the lowest p-value among such identified ones 4 1 4 was added into the list of lead variants. Iterations of the conditional analysis were run until no 4 1 5 significant signal can be identified.
1 6
Overlap with loci in previous GWAS of obesity traits 4 1 7 GWAS summary statistics for 5 obesity traits, including body mass index (BMI) [57] , waist 4 1 8 circumference (WC), WC adjusted for BMI (WC adj BMI), waist-hip ratio (WHR) and WHR 4 1 9 adjusted for BMI (WHR adj BMI) [58] , were downloaded from the GIANT consortium website. 4 2 0
For each trait, SNPs located within all the 561 identified loci (lead SNP +500 kb flanking region 4 2 1 at each side) were extracted from the GWAS summary statistics. Significance level for the 4 2 2 obesity traits were set at the conventional level of 5.0×10 -8 .
2 3
Exome sequencing association analysis 4 2 4
During the preparation of this manuscript, the UKB released exome-sequencing data on a 4 2 5 selected subset of ~50,000 participants. We compared the exome-sequencing based association 4 2 6 results with that based on genotype imputation. To accomplish this, we generated an unrelated 4 2 7 sample consisting of subjects who were both exome-sequenced and genotype-imputed. 4 2 8
As the QC procedure, we removed subjects who were not self-reported as white, whose 4 2 9 self-reported genders were inconsistent with their genetic genders, and who withdrew their 4 3 0 consents. The KING software was used to select unrelated subjects based on pairwise kinship 4 3 1 matrix for up to 2 nd degree relatedness [56] . The final sample consisted of 45,554 participants, 4 3 2 including 24,740 females and 20,814 males. 4 3 3
Sequence variant coordinates, which were annotated to the GRCH38 assembly, were 4 3 4 converted back to the GRCH37 assembly with Liftover 4 3 5 (http://genome.ucsc.edu/cgi-bin/hgLiftOver). For each subject, variants that were missing in the 4 3 6 sequenced data were set to missing in the imputed data as well. In both datasets, genetic 4 3 7 association with normalized phenotype residuals was analyzed with PLINK2 [59] . The top 10 4 3 8
PCs were included as covariates to account for potential population stratification. To compare AR with that estimated on unrelated subjects, a maximal subset of unrelated 4 4 8 subjects from the total sample being analyzed were generated. Specifically, KING was used to 4 4 9 extract a subset of unrelated subjects [56] . The stratified LDSC was used to also assess the enrichment of heritability into specific tissues 4 6 2 and cell types [22] . This method analyzes gene expression data together with GWAS summary 4 6 3 statistics, for which, the two pre-compiled gene expression datasets in LDSC were used. The first In each associated locus, a set of credible risk variants (CRVs) were defined as those variants 4 7 1 in strong LD with the lead variant (r 2 >0.8, including lead variant). LD r 2 measure was estimated 4 7 2 based on the 100,000 unrelated reference sample with LDstore [60] . Six sources of information 4 7 3 was used to evaluate a gene's causality: 1) being nearest to the lead CRV; 2) containing a 4 7 4 mis-sense coding CRV; 3) being a target gene for a cis-eQTL CRV; 4) being a target gene for a 4 7 5 cis-protein QTL (cis-pQTL) CRV; 5) being prioritized by DEPICT analysis [27] and 6) being 4 7 6 prioritized by SMR analysis [61] . 4 7 7
Cis-eQTLs revealed by the GTEx (v7) project were accessed from the GTEx web portal 4 7 8 (www.gtexportal.org/) [23] . Cis-eQTL information is available for over 50 tissues. We selected 4 7 9 skeletal muscle and whole blood for our analysis. Cis-eQTL was searched within 500 kb distance 4 8 0 from a target gene. Significant cis-eQTL was declared at p<5×10 -5 . 4 8 1
Cis-pQTL information was accessed from Sun et al. [25] . GWAS summary statistics for 3,284 4 8 2 proteins were downloaded from the study's website. Cis-pQTL was searched within 500 kb 4 8 3 distance from a target gene. Significant cis-eQTL was declared at p<5×10 prioritization program that integrates summary-level data from GWAS with data from eQTL 4 9 1 studies to identify genes whose expression levels are associated with trait due to causal or 4 9 2 pleiotropy effects. Here, the pleiotropy effect means that a SNP is causally associated with both 4 9 3 gene expression and phenotypic variation. SMR uses SNPs as an instrumental variable and tests 4 9 4 the causal relation of gene expression to phenotype variation. The results are interpreted as the1 . 
